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A magnetic material combining low losses and large Perpendicular Magnetic Anisotropy (PMA) is still a 
missing brick in the magnonic and spintronic fields. We report here on the growth of ultrathin Bismuth 
doped Y3Fe5O12 (BiYIG) films on Gd3Ga5O12 (GGG) and substituted GGG (sGGG) (111) oriented 
substrates. A fine tuning of the PMA is obtained using both epitaxial strain and growth induced 
anisotropies. Both spontaneously in-plane and out-of-plane magnetized thin films can be elaborated. 
Ferromagnetic Resonance (FMR) measurements demonstrate the high dynamic quality of these BiYIG 
ultrathin films, PMA films with Gilbert damping values as low as 3 10-4 and FMR linewidth of 0.3 mT at 
8 GHz are achieved even for films that do not exceed 30 nm in thickness. Moreover, we measure 
Inverse Spin Hall Effect (ISHE) on Pt/BiYIG stacks showing that the magnetic insulator’s surface is 
transparent to spin current making it appealing for spintronic applications. 
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Introduction. 
Spintronics exploits the electron’s spin in ferromagnetic transition metals for data storage and data 
processing. Interestingly, as spintronics codes information in the angular momentum degrees of 
freedom, charge transport and therefore the use of conducting materials is not a requirement, opening 
thus electronics to insulators. In magnetic insulators (MI), pure spin currents are described using 
excitation states of the ferromagnetic background named magnons (or spin waves). Excitation, 
propagation  and  detection  of magnons are  at  the  confluent of the emerging concepts of magnonics 
1,2, caloritronics3 and  spin-orbitronics4. Magnons, and their classical counterpart, the spin waves (SWs) 
can carry information over distances as large as millimeters in high quality thick YIG films, with 
frequencies extending from the GHz to the THz regime5–7. The main figure of merit for magnonic 
materials is the Gilbert damping  1,5,8 which has to be as small as possible. This makes the number of 
relevant materials for SW propagation quite limited and none of them has yet been found to possess a 
large enough perpendicular magnetic anisotropy (PMA) to induce spontaneous out-of-plane 
magnetization. We report  here  on the  Pulsed  Laser  Deposition  (PLD)  growth  of  ultra-low loss  MI  
nanometers-thick films with large PMA: Bi substituted Yttrium Iron Garnet (BixY3-xFe5O12 or BiYIG) where 
tunability of the PMA is achieved through epitaxial strain and Bi doping level. The peak-to-peak FMR 
linewidth (that characterize the losses) can be as low as 𝜇0𝛥𝐻pp = 0.3 mT at 8 GHz for 30 nm thick 
films. This material thus opens new perspectives for both spintronics and magnonics fields as the SW 
dispersion relation can now be easily tuned through magnetic anisotropy without the need of a large 
bias magnetic field. Moreover, energy efficient data storage devices based on magnetic textures existing 
in PMA materials like magnetic bubbles, chiral domain walls and magnetic skyrmions would benefit from 
such a low loss material for efficient operation9. 
The study of micron-thick YIG films grown by liquid phase epitaxy (LPE) was among the hottest topics in 
magnetism few decades ago. At this time, it has been already noticed that unlike rare earths (Thulium, 
Terbium, Dysprosium …) substitutions, Bi substitution does not overwhelmingly increase the magnetic 
losses10,11 even though it induces high uniaxial magnetic anisotropy12–14 . Very recently, ultra-thin MI 
films showing PMA have been the subject of an increasing interest 15,16: Tm3Fe5O12 or BaFe12O19 
(respectively a garnet and an hexaferrite) have been used to demonstrate spin-orbit-torque 
magnetization reversal using a Pt over-layer as a source of spin current 4,17,18. However, their large 
magnetic losses prohibit their use as a spin-wave medium (reported value of 𝜇0𝛥𝐻pp of TIG is 16.7 mT at 
9.5 GHz)19. Hence, whether it is possible to fabricate ultra-low loss thin films with a large PMA that can 
be used for both magnonics and spintronics applications remains to be demonstrated. Not only low 
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losses are important for long range spin wave propagation but they are also necessary for spin transfer 
torque oscillators (STNOs) as the threshold current scales with the Gilbert damping20.  
In the quest for the optimal material platform, we explore here the growth of Bi doped YIG ultra-thin 
films using PLD with different substitution; BixY3-xIG (x= 0.7, 1 and 1.5) and having a thickness ranging 
between 8 and 50 nm. We demonstrate fine tuning of the magnetic anisotropy using epitaxial strain  and  
measure ultra low Gilbert damping values (𝛼 = 3 ∗ 10−4) on ultrathin films with PMA. 
Results 
Structural and magnetic characterizations 
The two substrates that are used are Gallium Gadolinium Garnet (GGG) which is best lattice matched to 
pristine YIG and substituted GGG (sGGG) which is traditionally used to accommodate substituted YIG 
films for photonics applications. The  difference between  Bi and Y ionic radii (rBi = 113 pm and rY = 102 
pm)21 leads to a linear increase of  the  BixY3-xIG bulk lattice  parameter with Bi content (Fig. 1-(a) and Fig. 
1-(b)). In Fig. 1,  we present the (2 − ) X-ray diffraction patterns (Fig.1-(c) and 1-(d)) and reciprocal 
space maps (RSM) (Fig.1-(e) and 1-(f)) of BiYIG on sGGG(111) and GGG(111) substrates respectively. The 
presence of (222) family peaks in the diffraction spectra shown in Fig. 1-(b) and 1-(c) is a signature of the 
films’ epitaxial quality and the presence of Laue fringes attests the coherent crystal structure existing 
over the whole thickness. As expected, all films on GGG are under compressive strain, whereas films 
grown on sGGG exhibit a transition from a tensile (for x= 0.7 and 1) towards a compressive (x= 1.5) 
strain. Reciprocal Space Mapping of these BiYIG samples shown in Fig.1-(e) and 1-(f) evidences the 
pseudomorphic nature of the growth for all films, which confirms the good epitaxy. 
The static magnetic properties of the films have been characterized using SQUID magnetometry, Faraday 
rotation measurements and Kerr microscopy. As the Bi doping has the effect of enhancing the magneto-
optical response 22–24, we measure on average a large Faraday rotation coefficients reaching up to 𝜃F =
−3 °. 𝑚−1 @ 632 nm for  x= 1 Bi doping level and 15 nm film thickness. Chern et al.25 performed PLD 
growth of BixY3-xIG on GGG and reported an increase of 
𝜃F
𝑥
=  −1.9 °. 𝜇𝑚−1 per Bi substitution x @ 632 
nm. The Faraday rotation coefficients we find are slightly larger and may be due to the much lower 
thickness of our films as 𝜃F is also dependent on the film thickness
26. The saturation magnetization (Ms) 
remains constant for all Bi content (see Table 1) within the 10% experimental errors. We observe a clear 
correlation between the strain and the shape of the in-plane and out-of-plane hysteresis loops reflecting 
changes in the magnetic anisotropy. While films under compressive strain exhibit in-plane anisotropy, 
those under tensile strain show a large out-of-plane anisotropy that can eventually lead to an out-of-
plane easy axis for x= 0.7 and x= 1 grown on sGGG. The transition can be either induced by changing the 
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substrate (Fig.2-(a)) or the Bi content (Fig. 2-(b)) since both act on the misfit strain. We ascribe the 
anisotropy change in our films to a combination of magneto-elastic anisotropy and growth induced 
anisotropy, this later term being the dominant one (see Supplementary Note 1).  
In Fig. 2-(c), we show the magnetic domains structures at remanance observed using polar Kerr 
microscopy for Bi1Y2IG films after demagnetization: µm-wide maze-like magnetic domains demonstrates 
unambiguously that the magnetic easy axis is perpendicular to the film surface. We observe a decrease 
of the domain width (Dwidth) when the film thickness (tfilm) increases as expected from magnetostatic 
energy considerations. In fact, as Dwidth is several orders of magnitude larger than tfilm, a domain wall 
energy of σDW  0.7 and 0.65 mJ.m-2 (for x= 0.7 and 1 Bi doping) can inferred using the Kaplan and 
Gerhing model27  (the fitting procedure is detailed in the Supplementary Note 2).  
 
Dynamical characterization and spin transparency. 
The most striking feature of these large PMA films is their extremely low magnetic losses that we 
characterize using Ferromagnetic Resonance (FMR) measurements. First of all, we quantify by in-plane 
FMR the anisotropy field HKU deduced from the effective magnetization (Meff): HKU = MS – Meff (the 
procedure to derive Meff from in plane FMR is presented in Supplementary Note 3). HKU values for BiYIG 
films with different doping levels grown on various substrates are summarized in Table 1. As expected 
from out-of-plane hysteresis curves, we observe different signs for HKU. For spontaneously out-of-plane 
magnetized samples, HKU is positive and large enough to fully compensate the demagnetizing field while 
it is negative for in-plane magnetized films. From these results, one can expect that fine tuning of the Bi 
content allows fine tuning of the effective magnetization and consequently of the FMR resonance 
conditions. We measure magnetic losses on a 30nm thick Bi1Y2IG//sGGG film under tensile strain with 
PMA (Fig. 3-(a)). We use the FMR absorption line shape by extracting the peak-to-peak linewidth (𝛥𝐻pp) 
at different out-of-plane angle for a 30nm thick perpendicularly magnetized Bi1Y2IG//sGGG film at 8 GHz 
(Fig. 3-(b)). This yields an optimal value of  𝜇0𝛥𝐻pp  as low as 0.3 mT (Fig. 3-(c)) for 27° out-of-plane polar 
angle. We stress here that state of the art PLD grown YIG//GGG films exhibit similar values for 𝛥𝐻pp at 
such resonant conditions28. This angular dependence of 𝛥𝐻pp that shows pronounced variations at 
specific angle is characteristic of a two magnons scattering relaxation process with few 
inhomogeneities29. The value of this angle is sample dependent as it is related to the distribution of the 
magnetic inhomogeneities.  The dominance in our films of those two intrinsic relaxation processes 
(Gilbert damping and two magnons scattering) confirms the high films quality. We also derived the 
damping value of this film (Fig. 3-(d)) by selecting the lowest linewidth (corresponding to a specific out of 
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plane angle) at each frequency, the spread of the out of plane angle is ±3.5° around 30.5°. The obtained 
Gilbert damping value is α = 3.10-4 and the peak-to-peak extrinsic linewidth 𝜇0𝛥𝐻0 =0.23 mT are 
comparable to the one obtained for the best PLD grown YIG//GGG nanometer thick films28 (α =2.10-4). 
For x= 0.7  Bi doping, the smallest observed FMR linewidth is 0.5 mT at 8 GHz. 
The low magnetic losses of BiYIG films could open new perspectives for magnetization dynamics control 
using spin-orbit torques20,30,31. For such phenomenon interface transparency to spin current is then the 
critical parameter which is defined using the effective spin-mixing conductance (𝐺↑↓). We use spin 
pumping experiments to estimate the increase of the Gilbert damping due to Pt deposition on Bi1Y2IG 
films. The spin mixing conductance can thereafter be calculated using 𝐺↑↓ =
4𝜋𝑀s𝑡film
𝑔eff𝜇B
(𝛥𝛼) where 𝑀s and 
𝑡film are the BiYIG magnetization saturation and thickness, 𝑔eff  is the effective Landé factor (𝑔eff = 2), 
𝜇B is the Bohr magneton and 𝛥𝛼 is the increase in the Gilbert damping constant induced by the Pt top 
layer. We obtain 𝐺↑↓ = 3.9 10
18m−2  which is comparable to what is obtained on PLD grown YIG//GGG 
systems 28,32,33. Consequently, the doping in Bi should not alter the spin orbit-torque efficiency and spin 
torque devices made out of BiYIG will be as energy efficient as their YIG counterpart. To further confirm 
that spin current crosses the Pt/BiYIG interface, we measure Inverse Spin Hall Effect (ISHE) in Pt for a Pt/ 
Bi1.5Y1.5IG(20nm)//sGGG in-plane magnetized film (to fulfill the ISHE geometry requirements the 
magnetization needs to be in-plane and perpendicular to the measured voltage). We measure a 
characteristic voltage peak due to ISHE that reverses its sign when the static in-plane magnetic field is 
reversed (Fig. 4). We emphasize here that the amplitude of the signal is similar to that of Pt/YIG//GGG in 
the same experimental conditions. 
Conclusion 
In summary, this new material platform will be highly beneficial for magnon-spintronics and related 
research fields like caloritronics. In many aspects, ultra-thin BiYIG films offer new leverages for fine 
tuning of the magnetic properties with no drawbacks compared to the reference materials of these 
fields: YIG. BiYIG with its higher Faraday rotation coefficient (almost two orders of magnitude more than 
that of YIG) will increase the sensitivity of light based detection technics that can be used (Brillouin light 
spectroscopy (BLS) or time resolved Kerr microscopy34). Innovative schemes for on-chip magnon-light 
coupler could be now developed bridging the field of magnonics to the one of photonics. From a 
practical point of view, the design of future active devices will be much more flexible as it is possible to 
easily engineer the spin waves dispersion relation through magnetic anisotropy tuning without the need 
of large bias magnetic fields. For instance, working in the forward volume waves configuration comes 
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now cost free, whereas in standard in-plane magnetized media one has to overcome the demagnetizing 
field. As the development of PMA tunnel junctions was key in developing today scalable MRAM 
technology, likewise, we believe that PMA in nanometer-thick low loss insulators paves the path to new 
approaches where the magnonic medium material could also be used to store information locally 
combining therefore the memory and computational functions, a most desirable feature for the brain-
inspired neuromorphic paradigm. 
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Methods 
Pulsed Laser Deposition (PLD) growth 
The PLD growth of BiYIG films is realized using stoichiometric BiYIG target. The laser used is a frequency 
tripled Nd:YAG laser ( λ =355nm), of a 2.5Hz repetition rate and a fluency E varying from 0.95 to 1.43 
J.cm-2 depending upon the Bi doping in the target. The distance between target and substrate is fixed at 
44mm. Prior to the deposition the substrate is annealed at 700°C under 0.4 mbar of O2. For the growth, 
the pressure is set at 0.25 mbar O2 pressure. The optimum growth temperature varies with the Bi 
content from 400 to 550°C. At the end of the growth, the sample is cooled down under 300 mbar of O2. 
 
Structural characterization 
An Empyrean diffractometer with Kα1 monochromator is used for measurement in Bragg-Brentano 
reflection mode to derive the (111) interatomic plan distance. Reciprocal Space Mapping is performed on 
the same diffractometer and we used the diffraction along the (642) plane direction which allow to gain 
information on the in-plane epitaxy relation along [20-2] direction. 
 
Magnetic characterization 
A quantum design SQUID magnetometer was used to measure the films’ magnetic moment (Ms) by 
performing hysteresis curves along the easy magnetic direction at room temperature. The linear 
contribution of the paramagnetic (sGGG or GGG) substrate is linearly subtracted.  
Kerr microscope (Evico Magnetics) is used in the polar mode to measure out-of-plane hysteresis curves 
at room temperature.  The same microscope is also used to image the magnetic domains structure after 
a demagnetization procedure. The spatial resolution of the system is 300 nm. 
A broadband FMR setup with a motorized rotation stage was used. Frequencies from 1 to 20 GHz have 
been explored. The FMR is measured as the derivative of microwave power absorption via a low 
frequency modulation of the DC magnetic field. Resonance spectra were recorded with the applied static 
magnetic field oriented in different geometries (in plane or tilted of an angle 𝜃 out of the strip line 
plane). For out of plane magnetized samples the Gilbert damping parameter has been obtained by 
studying the angular linewidth dependence. The procedure assumes that close to the minimum 
linewidth (Fig 3a) most of the linewidth angular dependence is dominated by the inhomogeneous 
broadening, thus optimizing the angle for each frequency within few degrees allows to estimate better 
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the intrinsic contribution. To do so we varied the out of plane angle of the static field from 27° to 34° for 
each frequency and we select the lowest value of  𝛥𝐻pp.  
For Inverse spin Hall effect measurements, the same FMR setup was used, however here the modulation 
is no longer applied to the magnetic field but to the RF power at a frequency of 5kHz. A Stanford 
Research SR860 lock-in was used a signal demodulator. 
Data availability: 
The data that support the findings of this study are available within the article or from the corresponding 
author upon reasonable request. 
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Figures Captions : 
 
Figure 1-Structural properties of ultra-thin BiYIG films. 
(a) and (b): Evolution of the target cubic lattice parameter of BixY3-xIG, the dashed line represents the 
substrate (sGGG and GGG respectively) lattice parameter and allows to infer the expected tensile or 
compressive strain arising for each substrate/target combination.  
(c) and (d): 2𝜃 − 𝜔 X-Ray diffraction scan along the (111) out-of-plane direction for BixY3-xIG films grown 
on sGGG (111) and GGG (111) respectively. From the film and substrate diffraction peak position, we can 
conclude about the nature of the strain. Compressive strain is observed for 1.5 doped films grown on 
sGGG substrate and for all films grown on GGG whereas tensile strain occurs for films with x=  0.7 and x= 
1 Bi content grown on sGGG. 
(e) and (f): RSM along the evidence the (642) oblique plan showing pseudomorphic growth in films: both 
substrate and film the diffraction peak are aligned along the qx\\[20-2] direction. The relative position of 
the diffraction peak of the film (up or down) along qx is related to the out-of-plane misfit between the 
substrate and the film (tensile or compressive).  
Figure 2-Static magnetic properties. 
(a) Out-of plane Kerr hysteresis loop performed in the polar mode for Bi0.7Y2.3IG films grown on the two 
substrates: GGG and sGGG  
(b) Same measurement for BixY3-xIG grown on sGGG with the three different Bi doping (x= 0.7, 1 and 1.5). 
Bi0.7Y2.3IG//GGG is in-plane magnetized whereas perpendicular magnetic anisotropy (PMA) occurs for x= 
0.7 and x= 1 films grown on sGGG: square shaped loops with low saturation field (µ0Hsat about 2.5mT) are 
observed. Those two films are experiencing tensile strain. Whereas the inset shows that the Bi1.5Y1.5IG 
film saturates at a much higher field with a curve characteristic of in-plane easy magnetization direction. 
Note that for Bi1.5Y1.5IG//sGGG µ0Hsat ≈290mT >µ0Ms≈162mT which points toward a negative uniaxial 
anisotropy term (µ0HKU) of 128mT which is coherent with the values obtained from in plane FMR 
measurement.  
(c) Magnetic domains structure imaged on Bi1Y2IG//sGGG films of three different thicknesses at 
remanant state after demagnetization. The scale bar, displayed in blue, equals 20 µm. Periods of the 
magnetic domains structure (Dwidth) are derived using 2D Fast Fourier Transform. We obtained Dwidth =3.1, 
1.6 and 0.4 µm for tBi1Y2IG= 32, 47 and 52 nm respectively. We note a decrease of Dwidth with increasing 
tBi1Y2IG that is coherent with the Kaplan and Gehring model valide in the case Dwidth>>tBiYIG.  
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Figure 3-Dynamical properties of BiYIG films with PMA. 
(a) Sketch of the epitaxial configuration for Bi1Y2IG films, films are grown under tensile strain giving rise 
to tetragonal distortion of the unit cell.  
(b) Out-of-plane angular dependence of the peak-to-peak FMR linewidth (𝛥𝐻pp) at 8 GHz on a 30 nm 
thick Bi1Y2IG//sGGG with PMA (the continuous line is a guide for the eye). The geometry of the 
measurement is shown in top right of the graph. The wide disparity of the value for the peak to peak 
linewidth 𝛥𝐻pp is attributed to the two magnons scattering process and inhomogeneties in the sample. 
(c) FMR absorption linewidth of 0.3 mT for the same film at measured at 𝜃 = 27°. (d) Frequency 
dependence of the FMR linewidth. The calculated Gilbert damping parameter and the extrinsic linewidth 
are displayed on the graph.  
Figure 4- Inverse Spin Hall Effect of BiYIG films with in plane magnetic anisotropy. 
Inverse Spin Hall Effect (ISHE) voltage vs magnetic field measured on the Pt/ Bi1.5Y1.5IG//sGGG sample in 
the FMR resonant condition at 6 GHz proving the interface transparency to spin current. The rf excitation 
field is about 10-3 mT which corresponds to a linear regime of excitation. Bi1.5Y1.5IG//sGGG presents an in-
plane easy magnetization axis due to a growth under compressive strain.  
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Table 1- Summary of the magnetic properties of BixY3-xIG films on GGG and sGGG 
substrates. 
The saturation magnetization is roughly unchanged. The effective magnetization Meff obtained through 
broad-Band FMR measurements allow to deduce the out-of-plane anisotropy fields HKU (HKU =Ms-Meff) 
confirming the dramatic changes of the out-of-plane magnetic anisotropy variations observed in the 
hysteresis curves. 
   
Bi doping Substrate µ0MS(mT) µ0Meff(mT) µ0HKU(mT) 
0 GGG 157 200 -43 
0.7 sGGG 180 -151 331 
0.7 GGG 172 214 -42 
1 sGGG 172 -29 201 
1 GGG 160 189 -29 
1.5 sGGG 162 278 -116 
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Supplementary Notes 1- Derivation of the magneto-elastic anisotropy 
 
The out-of-plane anisotropy constant KU is ascribed to be a result of, at least, two contributions: a 
magneto-elastic anisotropy term induced by strain (𝐾MO) and a term that is due to preferential 
occupation of Bi atoms of non equivalent dodecahedral sites of the cubic unit cell. This last term is 
known as the growth induced anisotropy term 𝐾GROWTH. From X-ray characterizations and from the 
known properties of the thick BiYIG LPE grown films, it is possible to calculate the expected values of  
𝐾MO in each doping/substrate combination. We thereafter deduce 𝐾GROWTH from the relation 
𝐾U = 𝐾MO +  𝐾GROWTH. KMO is directly proportional to the misfit between the film and the substrate: 
𝐾MO =
3
2
∙
𝐸
1 − 𝜇
∙
𝑎film − 𝑎substrate
𝑎film
∙ 𝜆111 
Where E, µ and λ111 are respectively the Young modulus, the Poisson coefficient, and the 
magnetostrictive constant along the (111) direction. Those constant are well established for the bulk1: E= 
2.055.1011 J.m-3, µ= 0.29. The magnetostriction coefficient  λ111 for the thin film case is slightly higher 
than that of the bulk and depends upon the Bi rate x: 𝜆111(𝑥) = −2.819 ∙ 10
−6(1 + 0.75𝑥) 2. The two 
lattice parameter entering in the equation: afilm and asubstrate correspond to the lattice parameter of the 
relaxed film structure and of the substrate. Under an elastic deformation afilm can be derived with the 
Poisson coefficient: 
𝑎film = 𝑎substrate − [
1−𝜇111
1+𝜇111
] 𝛥𝑎⊥  with  ∆𝑎⊥ = 4√3𝑑444
film − 𝑎substrate 
All values for the different target/substrate combinations are displayed in the Table S-1. We note here 
that a negative (positive) misfit corresponding to a tensile (compressive) strain will favor an out-of-plane 
(in-plane) magnetic anisotropy which is coherent with what is observed in our samples. To estimate the 
contribution to the magnetic energy of the magneto elastic anisotropy term we compare it to the 
demagnetizing field 𝜇0𝑀s that favors in-plane magnetic anisotropy in thin films. Interestingly the 
magneto elastic field (𝜇0𝐻MO) arising from 𝐾MO (𝜇0𝐻MO =
2𝐾MO
𝑀s
) never exceed 30% of the 
demagnetizing fields and therefore cannot alone be responsible of the observed PMA.  
 
Studies on µm-thick BiYIG films grown by LPE showed that PMA in BiYIG arises due to the growth 
induced anisotropy term 𝐾GROWTH , this term is positive 
3 for the case of Bi substitution . We have 
inferred 𝜇0𝐻GROWTH values for all films using 𝐾U constants measured by FMR. The results are 
summarized in Supplementary Figure 1. One can clearly see that  𝐾GROWTH is strongly substrate 
dependent and therefore does not depend solely on the Bi content. We conclude that strain plays a role 
in Bi3+ ion ordering within the unit cell. 
 
 
3 
 
 
 
Supplementary Figure 1- Summary of the inferred values of the effective magnetic 
anisotropy out-of-plan fields. 
 
Horizontal dash lines represent the magnitude of the demagnetization field µ0Ms. When µ0HKU is larger 
than µ0Ms (dot line) films have a PMA, they are in-plane magnetized otherwise.   
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Supplementary Table 1- Summary of the films’ calculated magneto-elastic 
anisotropy constant (KMO) and the corresponding anisotropy field HMO 
 
 
  
Bi content substrate afilm(Å) Δ a┴/afilm KMO (J.m-3) µ0 HMO(mT) µ0 Hdemag(mT) 
0.7 sGGG 12.45 0.6 5818 81 179 
0.7 GGG 12.41 -0.4 -4 223 -61 172 
1.0 sGGG 12.47 0.3 3 958 57 172 
1.0 GGG 12.42 -0.6 -6 500 -102 160 
1.5 sGGG 12.53 -0.6 -8 041 -124 157 
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Supplementary Notes 2- Derivation of the domain wall energy 
 
To derive the characteristic domain wall energy σDW for the maze shape like magnetic domains, we use 
the Kaplan et al. model4. This model applies in our case as the ratio of the film thickness (tfilm) to the  
magnetic domain width (Dwidth) is small (
𝑡film
𝐷width
~ 0.01). The domain wall width and the film thickness are 
then expected to be linked by: 
𝐷width = 𝑡filme
−π1.33𝑒
𝜋𝐷0
2𝑡film  where 𝐷0 =
2𝜎w
𝜇0𝑀s
2 is the dipolar length. 
Hence we expect a linear dependence of ln (
𝐷width
𝑡film
) vs  
1
𝑡film
 : 
ln (
𝐷width
𝑡film
) =
π𝐷0
2
∙  
1
𝑡film
+ Cst.  (1) 
The magnetic domain width of BixY3-xIG//sGGG (x = 0.7 and 1) for several thicknesses are extracted from 
2D Fourier Transform of the Kerr microscopy images at remanence. In Supplementary Figure 2, we plot 
ln (
𝐷width
𝑡film
) vs  
1
𝑡film
 which follows the expected linear dependence of Equation (1). We infer from the zero 
intercept an estimation of the dipolar length D0 of BiYIG films doped at 0.7 and 1 in Bi: D0 x=0.7= 16.5 µm 
and D0 x=1= 18.9µm. The corresponding domain wall energy are respectively 0.7 mJ.m-2 and 0.65 mJ.m-2. 
Even if the small difference in domain wall energy between the two Bi content may not be significant 
regarding the statistical fitting errors, it correlates to the decrease of the out-of-plane anisotropy (KU) 
with increasing the Bi content. 
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Supplementary Figure 2- Evolution of the domain width vs film thickness 
 
ln (
𝐷width
𝑡film
) vs  
1
𝑡film
 for BixY3-xIG//sGGG films doped at 0.7(a) and 1 (b) in Bi. Dots correspond to the 
experimental values. The dashed line is the linear fit that allows to extract the D0 parameter. 
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Supplementary Notes 3- Damping and effective magnetic field derivation 
 
From In Plane frequency dependent of FMR we can derive the effective magnetization (𝑀eff) using the 
Kittel law: 
𝑓res = 𝜇0𝛾√𝐻res(𝐻res + 𝑀-eff) 
Where γ is the gyromagnetic ratio of the BiYIG (assumed to be same as the one of the YIG): γ=28 GHz.T-1. 
𝐻res  and 𝑓res are respectively the FMR resonant field and frequency. The uniaxial magnetic anisotropy 
can thereafter be derived using the saturation magnetization form squid magnetometry using:   
Meff=Ms-HKU. The Gilbert damping (α) and the inhomogeneous linewidth (ΔH0) which are the two 
paramaters defining the magnetic relaxation are obtained from the evolution of the peak to peak 
linewidth (ΔHpp) vs the resonant frequency (fres): 
𝛥𝐻pp = 𝛥𝐻0 +
2
√3
𝛼𝑓res
𝜇0𝛾
  (2) 
The first term is frequency independent and often attributed magnetic inhomogeneity’s (anisotropy, 
magnetization). 
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Supplementary Figure 3- µ0ΔHpp vs fres on 18 nm thick Bi15.Y1.5IG//sGGG  
 
The linewidth frequency dependence from 5 to 19 GHz for in plane magnetized Bi1.5Y1.5IG//sGGG sample 
allow to extract the damping and the inhomogeneous linewidth parameter using the Equation (2). 
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